Introduction
============

Prostate cancer is highly prevalent in men, and an estimated 1,111,700 incident cases were reported in 2012 worldwide [@B1]. Virtually all patients with recurrent disease after local or loco-regional treatments develop castration-resistant prostate cancer (CRPC), which progresses despite androgen deprivation treatment [@B2]. The treatment scenario for metastatic CRPC (mCRPC) has been rapidly evolving over the past five years, with novel therapeutic options approved either in the pre- or post-docetaxel setting or both, including one chemotherapy agent (cabazitaxel), two hormonal agents (enzalutamide and abiraterone), one radiopharmaceutical agent (radium-223) and one immunotherapy agent (Sipuleucel-T) [@B3]. Cabazitaxel is a second-generation taxane that was specifically designed to preserve its effectiveness after onset of resistance to taxanes [@B4]. In fact, in the TROPIC trial, cabazitaxel was associated with a survival improvement vs. mitoxantrone in patients pretreated with docetaxel [@B5], although chemotherapy- naïve patients enrolled in the FIRSTANA trial did not show incremental survival benefits with cabazitaxel vs. docetaxel [@B6]. Of note, limited data suggest that cabazitaxel (vs. hormonal agents) may be particularly efficacious in selected patients, such as those with primary refractoriness to docetaxel [@B7], brain metastases [@B8] and those with clinical features of neuroendocrine differentiation [@B8].

Extensive evidence gathered in expanded access programs (EAPs) has confirmed cabazitaxel efficacy and safety profile [@B9], with apparently no cumulative toxicity [@B10]. In both the TROPIC and in the FIRSTANA trials, as well as in the EAPs, cabazitaxel was administered according to its label indication in combination with daily low-dose oral corticosteroids. Nevertheless, whether daily corticosteroids have a role in improving cabazitaxel efficacy or ameliorating its safety profile has not been adequately investigated so far. Corticosteroids may exert both anti-neoplastic and pro-tumorigenic effects, and their potential benefits must be weighed against the known adverse events associated with prolonged use. Interestingly, recent retrospective data indicate that corticosteroids may be associated with beneficial effects in docetaxel-treated patients, but only in those patients who have not previously received corticosteroids [@B11]. In this retrospective study, we collected data of mCRPC patients treated in a real-world scenario in order to analyze the implications in terms of overall survival, exposure to cabazitaxel and adverse events of omitting daily corticosteroids in patients receiving cabazitaxel.

Patients and methods
====================

Inclusion criteria
------------------

Medical records of deceased patients with documented mCRPC treated with cabazitaxel following prior docetaxel between January, 2011 and January, 2017 were reviewed at the single participating center. Patients who were receiving daily doses of systemic corticosteroids other than low dose daily prednisone or prednisolone (\<= 10 mg a day) were excluded.

Retrieved data
--------------

Demographic data of eligible patients were retrieved along with information regarding known recognized baseline prognostic factors, use of prednisone, previous systemic treatments for mCRPC, as well as early PSA declines \>30% at 3, 6, 9 and 12 weeks. All patients who received at least one dose of cabazitaxel were included in the dataset.

Data analysis
-------------

The primary end point of this analysis was overall survival (OS). Secondary end-points were exposure to cabazitaxel as well as incidence of grade 3-4 adverse events. Summary statistics were used to describe the patient population and outcomes. In each sub-set, survival was computed from the start of cabazitaxel to the time of death. Univariable Cox proportional hazards regression was used to evaluate variables as potentially prognostic for overall survival. Multivariable modeling was conducted by using the full model method, i.e. including all potential factors in a multivariable model, regardless of whether they were statistically significant or not. The effect of prednisone on survival was then assessed after adjusting for factors included in the multivariable model. The association of prednisone use with exposure to cabazitaxel treatment, measured as the total number of cycles delivered, was tested by the use of Mann-Whitney test. Finally, the association of prednisone use with 30% PSA declines as well as the onset of grade 3-4 adverse events was tested using Fisher\'s exact test. All tests were two-sided and a p-value of 0.05 or less was considered statistically significant. No statistical adjustments were made for multiple testing.

Results
=======

Cohorts\' characteristics and outcomes
--------------------------------------

Overall, there were 91 patients who received cabazitaxel following prior docetaxel and were not on systemic corticosteroids other than low dose prednisone were included in this analysis (table [1](#T1){ref-type="table"}). Fifty-seven patients received cabazitaxel concurrently with low dose prednisone and 34 patients did not receive concurrent prednisone. The reason for not receiving corticosteroids was presence of adverse events associated with previous corticosteroid use in 18 patients, contraindication to the use of corticosteroids (diabetes, hypertension) in 9 cases and was unknown in the remaining patients. Approximately half of the population had visceral disease and required opioids to manage pain. The median time from diagnosis to onset of metastatic disease was 15 months (interquartile range 0 to 41), while the median time from diagnosis to onset of CRPC was 26 months (interquartile range,6 to 48,5). All patients had received docetaxel, while 23 and 8 patients had received abiraterone and enzalutamide, respectively.

Impact of prednisone on Overall survival and PSA declines
---------------------------------------------------------

The median overall survival of the population was 9.8 months (interquartile range, 9 to 14). Patients receiving prednisone had a median overall survival of 9 months (interquartile range, 8 to 12) vs.14 months (interquartile range, 9.4 to 16.7) for patients not receiving prednisone. However, prednisone use was not significantly prognostic for overall survival on univariate or multivariate analyses. Six, 8, 27 and 44 patients showed ≥30% PSA declines at 3,6,9 and 12 weeks, respectively. Differences in terms of ≥30% PSA declines rates were not significant (p value not shown in table [2](#T2){ref-type="table"}) among patients treated with and without prednisone on univariate or multivariate analyses (see table [3](#T3){ref-type="table"}). When examining all variables in the entire cohort at univariate analysis, ≥30% PSA declines at 9 and 12 weeks, hemoglobin levels, opioid use were associated with improved overall survival, while at multivariate analysis only younger age (HR per year =1.03; 95% CI = 1.00 to 1.07; p= 0.039) and 30% PSA declines at 12 weeks (Hazard Ratio, 0.53; 95% CI=0.31 to 0.89; p =0.0182) (but not PSA declines at 9 weeks) were associated with improved overall survival (table [3](#T3){ref-type="table"}).

Impact of prednisone on toxicities
----------------------------------

The median number of cabazitaxel cycles administered was 7 (interquartile range, 3 to 12). Only hemoglobin levels and absence of use of opioids were associated with increased number of cabazitaxel cycles received. Prednisone, Gleason score and PSA declines at 12 weeks were not statistically significant, although trends were observed (table [4](#T4){ref-type="table"}). Adverse events reported were those expected on the basis of the existing literature (see table [5](#T5){ref-type="table"}). Prednisone was not associated differences in any of the grade 3-4 events reported at univariate or multivariate analysis (data not shown).

Discussion
==========

Low-dose corticosteroids may be beneficial in patients with CRPC by suppressing production of weak androgens of adrenal origin via its negative feedback on secretion of adrenocorticotrophic hormone (ACTH). Tannock *et al.* [@B12] reported that low-dose prednisone treatment (7.5 to 10 mg daily) decreased serum testosterone levels in seven of nine patients who had failed to achieve serum levels below 2.0 nmol/mL, with a decrease in serum levels of androstenedione and dehydroepiandrosterone sulfate in more than 50% of patients. Furthermore, glucocorticoids may also have direct inhibitory effects on prostate cancer cells through enhanced growth inhibitory TGF-ß1 signaling and suppression of the transcriptional activities of NF-κB [@B13]. Evidence from clinical trials is not conclusive at the present time. In the retrospective review study by Teply *et al.* [@B11], 131 men treated with docetaxel plus prednisone and 69 treated with docetaxel alone were stratified according to prior exposure to prednisone (with abiraterone) or hydrocortisone (with ketoconazole) use. Interestingly, patients receiving prednisone had longer progression-free survival compared with the docetaxel-alone cohort (median PFS: 7.8 vs. 6.2 months, HR 0.68 (95% confidence interval (CI) 0.48-0.97), P=0.03), while no statistically significant advantage was seen among patients pre-treated with abiraterone- or ketoconazole (median PFS: 7.1 vs. 6.3 months, HR 0.96 (95% CI 0.59-1.57), P=0.87). This finding was not confirmed in the retrospective study by Kongsted *et al.*, who reported no difference in progression-free survival between 234 mCRPC patients treated with docetaxel plus daily corticosteroids vs. 124 patients treated with docetaxel only. Nevertheless, omitting daily prednisone was associated in this study with a higher incidence of peripheral edema (32% vs. 15%, P\<0.001) and febrile neutropenia (25% vs. 10%, P\<0.001) [@B14]

When administered alone, prednisone was associated with a palliative effect in 12% of patients in a randomized phase III trial comparing mitoxantrone plus prednisone vs. prednisone [@B15]. In randomized studies of abiraterone, the use of prednisone alone demonstrated measurable clinical benefits including PSA declines (10% after docetaxel, 24% in docetaxel-naïve men) and Response Evaluation Criteria in Solid Tumours (RECIST) responses (3% and 16%, respectively) [@B16], [@B17]. Nevertheless, no advantage in OS was associated with the use of single-agent daily prednisone [@B18].

The question whether prednisone should be added to systemic anti-neoplastic treatment in men with CRPC is of particular importance in patients receiving cabazitaxel. In fact, a patient may have been exposed to daily prednisone for 1-2 years in combination with abiraterone given in the first-line setting and then for approximately 6 months in combination with docetaxel, before receiving cabazitaxel. Adverse events, such as hypertension and hyperglycemia associated with prolonged use (\>1year) of corticosteroids may have an impact on the quality of life [@B19]. Furthermore, prolonged exposure to corticosteroids may select AR variants that make tumors sensitive to glucocorticoids even at low concentrations. Point mutations of the AR, occurring in the ligand-binding domain in most cases, are rare in therapy- naive patients but are reported in 15% to 45% of castration-resistant disease and can increase AR affinity for a wide range of steroids. Over 100 mutations have been reported and many be associated with a functional advantage in maintaining AR signaling [@B20]. Finally, corticosteroids negatively affect lipid metabolism and increase fat deposition [@B21], which are both related to increased risk of prostate cancer progression and death [@B22]. In a docetaxel-pretreated population such as that enrolled in the AFFIRM trial, prednisone had a detrimental effect in terms of OS [@B23]. In this study, omitting corticosteroids was not associated with a negative impact on survival. On the contrary, there was a trend at multivariate analysis towards shorter overall survival in patients who were treated with corticosteroids (HR = 1.27; 95% CI = 0.83 to 1.96; p = 0.26), and a decreased exposure to cabazitaxel was associated with daily corticosteroid use (median number of cycles, 5 vs. 10). Interestingly, we also found that patients experiencing a 30% PSA decline as early as 12 weeks had improved OS at multivariate analysis, similarly to docetaxel [@B24]. Of note, 30% PSA declines at 3, 6 and 9 weeks were not prognostic at multivariate analysis, possibly due to the effect of PSA kinetics of early cytolysis induced by cabazitaxel [@B25]. Finally, we noted that patients with a higher Gleason score appeared to receive a greater number of cabazitaxel cycles (8 vs. 4). Such a difference was borderline significant, but it is consistent with previously published data suggesting an association of higher Gleason score with longer progression-free survival [@B26].

The study presented here presents the limitations typical of a retrospective study, including the lack of sample size calculation and data incompleteness. Furthermore, patients receiving \> 10 mg prednisone or an equivalent dose of other corticosteroids were excluded from this analysis, so the findings reported may not be applied to patients with a more advanced disease treated with systemic corticosteroids. Nevertheless, the data presented here support the hypothesis that omitting daily corticosteroids in cabazitaxel-treated patients may have no negative impact on either survival or cabazitaxel safety profile. In this regard, a large, prospective phase IIb trial CABACARE, which is currently ongoing at University Federico II of Naples and at other multiple participating Italian centers, will randomize approximately 220 patients to cabazitaxel with or without daily prednisone.

Conclusions
===========

In conclusion, this study did not identify any detrimental effect associated with omission of daily corticosteroids in patients receiving cabazitaxel, in terms of either safety or efficacy. In a population of patients treated with cabazitaxel for prostate cancer, who are likely to have received daily corticosteroids for \> 1 year, omission of daily corticosteroids may be beneficial. In this regard, the data presented here can serve as background to support the conduction of adequately designed prospective trials assessing safety and efficacy of cabazitaxel with or without daily corticosteroids.

This work was partially supported by the LILT (Lega Italiana per la Lotta ai Tumori) Sez. Napoli.
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###### 

Cohort\'s characteristics

                                                                Patients (N)   \%                    Total evaluable
  ------------------------------------------------------------- -------------- --------------------- -----------------
  Gleason Score                                                                                      81
  6-7                                                           33             37.5%                 
  8-10                                                          48             54.5%                 
  Opioid use                                                                                         90
  Yes                                                           45             50%                   
  No                                                            45             50%                   
  Visceral disease                                                                                   91
  Yes                                                           44             48.46%                
  No                                                            47             51.64%                
  Neutrophil / lymphocyte ratio                                                                      91
  \>= 3                                                         34             37.36 %               
  \<3                                                           57             62.64%                
  Low dose prednisone                                                                                91
  Yes                                                           57             62.64%                
  No                                                            34             37.36 %               
                                                                Median         Interquartile range   
  Time from diagnosis to onset of metastatic disease (months)   15             0 to 41.7             91
  Time from diagnosis to CRPC (months)                          26             6 to 48.5             91
  Hemoglobin levels prior to cabazitaxel (g/dL)                 12.7           10.4 to 13.6          91
  Age (years)                                                   69             62 to 72              91

###### 

Cabazitaxel-associated outcomes

  Variable                      All Patients (N)   \%                    Patients using prednisone (N)   \%                    Patients not using prednisone(N)   \%                    Total evaluable
  ----------------------------- ------------------ --------------------- ------------------------------- --------------------- ---------------------------------- --------------------- -----------------
  30% PSA decline at 3 weeks                                                                                                                                                            82
  Yes                           6                  7.2 %                 1                               3,2%                  5                                  9,8%                  
  No                            77                 91.7%                 30                              96,8%                 46                                 90,2%                 
  30% PSA decline at 6 weeks                                                                                                                                                            81
  Yes                           8                  9.7%                  6                               12.8%                 2                                  5,9                   
  No                            74                 90.2%                 41                              87.2%                 32                                 94,1                  
  30% PSA decline at 9 weeks                                                                                                                                                            88
  Yes                           27                 30,3%                 16                              28.6%                 13                                 40.6%                 
  No                            62                 69,6%                 40                              71.4%                 19                                 59.4%                 
  30% PSA decline at 12 weeks                                                                                                                                                           91
  Yes                           41                 45,0%                 23                              40.4                  18                                 52.9%                 
  No                            50                 54,9%                 34                              59.6                  16                                 47.1%                 
  Prednisone                                                                                                                                                                            91
  No                            34                 37,3%                                                                                                                                
  Yes                           57                 62,6%                                                                                                                                
                                Median             Interquartile range   Median                          Interquartile range   Median                             Interquartile range   
  Cabazitaxel cycles            7                  3 to 12               5                               4 to 13               10                                 3 to 11,25            91
  Overall Survival              9.8                9 to 14               9                               8 to 12               14                                 9.4 to 16.7           91

###### 

Univariate and multivariate analysis of prognostic factors

  Factor                                                    N      Hazard Ratio (95% CI)   p-value        
  ----------------------------------------- --------------- ------ ----------------------- -------------- --------
  Age at Cabazitaxel treatment initiation   / year          91     1.01(0.99 to 1.03)      0.0816         
  Hemoglobin treatment baseline             / unit          91     0.87 (0.81 to 0.94)     0.0010         
  30% PSA decline at 3 weeks                Yes vs. No      82     1.45(0.62 to 3.36)      0.3866         
  30% PSA decline at 6 weeks                Yes vs. No      81     1.28(0.61 to 2.68)      0.5017         
  30% PSA decline at 9 weeks                Yes vs. No      91     0.59(0.37 to 0.93)      0.0236         
  30% PSA decline at 12 weeks               Yes vs. No      91     0.43(0.27 to 0.67)      0.0003         
  Neutrophils/Lymphocyte Ratio              \>=3 vs. \< 3   91     1.45(0.94 to 2.25)      0.0924         
  Gleason Score                             ≥8 vs ≤7        81     0.72(0.46 to 1.12)      0.1531         
  Visceral Disease                          Yes vs No       91     1.50(0.98 to 2.29)      0.0588         
  Opiates                                   Yes vs No       89     1.97(1.25 to 3.09)      0.0032         
  Prednisone                                Yes vs. No      91     1.27(0.83 to 1.96)      0.2603         
  **Multivariable Model**                                                                                 
  Age at Cabazitaxel initiation             / year          78     1.03                    1.00 to 1.07   0.0398
  Hemoglobin at treatment baseline          / unit          0.97   0.87 to 1.07            0.5699         
  \>30% PSA decline at 12 weeks             Yes vs. No      0.53   0.31 to 0.89            0.0182         
  Neutrophils/Lymphocyte Ratio              \>=3 vs. \< 3   1.48   0.85 to 2.57            0.1644         
  Gleason Score                             ≥8 vs ≤7        0.59   0.33 to 1.03            0.068          
  Opiates treatment baseline                Yes vs No       1.66   0.98 to 2.79            0.0555         
  Prednisone                                Yes vs No       1.46   0.89 to 2.41            0.1279         
  Visceral Disease at treatment baseline    Yes vs No       1.30   0.76 to 2.22            0.3211         

###### 

Median number of cycles and baseline variables

                                                        Median number of cycles   P value
  ---------------------------------- ------------------ ------------------------- ------------
  Age at Cabazitaxel initiation      \>=69 vs. \<69     5 vs.8                    P = 0.3357
  Hemoglobin at treatment baseline   \>= 12 vs. \< 12   10 vs.4                   P = 0.0008
  \>30% PSA decline at 12 weeks      Yes vs. No         10 vs.5                   P = 0.0570
  Neutrophils/Lymphocyte Ratio       \>=3 vs. \< 3      5 vs.10                   P = 0.1525
  Gleason Score                      \>=8 vs. \< 7      8 Vs.4                    P = 0.0845
  Opiates treatment baseline         Yes vs. No         4 vs.9                    P = 0.0442
  Visceral Disease                   Yes vs. No         5 vs.9                    P = 0.3255
  Prednisone                         Yes vs. No         5 vs.10                   P= 0.0569

###### 

Overall incidence of severe adverse events.

  Adverse events          Number of patients (%) (n=91)
  ----------------------- -------------------------------
  Grade 3-4 neutropenia   27 (29.67%)
  Grade 3-4 anemia        4 (4.39%)
  Febrile neutropenia     3 (3.29%)
  Grade 3-4 Leukopenia    7 (7.69%)

[^1]: \* These two authors share senior authorship

[^2]: Competing Interests: Carlo Buonerba & Giuseppe Di Lorenzo: Research Support to Institution from Astellas, Sanofi and Quercegen Pharmaceuticals, personal fees from for Sanofi (unrelated to this work)

    Guru Sonpavde: Grants from Boehringer-Ingelheim, grants from Bayer, grants from Onyx-Amgen, personal fees from Pfizer, personal fees from Genentech, personal fees from Novartis, personal fees from Argos, grants and personal fees from Merck, personal fees from Sanofi, personal fees from Agensys, personal fees from Clinical Care Options, personal fees from Astrazeneca, personal fees from Uptodate, personal fees from Biotheranostics, personal fees from Exelixis, personal fees from Bristol-Myers-Squibb, personal fees from Janssen, personal fees from Amgen, personal fees from Eisai, personal fees from NCCN (National Comprehensive Cancer Network), outside the submitted work.
